Introduction
A widely studied subject within the context of strong interactions in high energy physics is that of the QCD phase diagram. After it had became clear that hadrons are composed by confined quarks and gluons it was suggested that they might undergo a phase transition at high temperature or density, becoming a deconfined plasma, the so called "quark-gluon plasma". This transition has significant experimental implications (some of them being tested in modern accelerators such as the LHC, RHIC, etc), not to mention the description of the early stages of the universe and the matter inside neutron stars.
In the recently years it has been argued that spectators in heavy ion collisions are responsible for creating a strong magnetic field that could play an important role in the QCD phase transition. In this work we use the SU(2) Nambu-Jona-Lasinio (NJL) model in order to study the chiral transition in quark matter subject to a strong magnetic field. We show some of our results presented in Ref. [1] , involving the breaking of chiral symmetry and its restoration at finite temperature and density.
Evaluation of the Landau Free Energy
We aim to use de Nambu-Jona-Lasinio model, Ref. [2] , in the SU(2) version in order to study the chiral transition in quark matter with three color degrees of freedom. In the presence of a magnetic field, the lagrangian of the model is
where ψ f represents the quark field with flavor f , q f is the quark electric charge, A µ is the vector potential, m is the quark bare mass (assumed to be equal for both up and down quarks), G is the coupling constant, τ the Pauli matrices and [3] we can write the Landau free energy in mean field approximation as:
where
are the vacuum, magnetic and medium contributions, respectively. In Eq. (3) N c = 3 and N f = 2 are the color and flavor degrees of freedom, respectively, and the integral is carried out up to a cutoff Λ = 590MeV. In Eq. (4)
We also fix the coupling constant as G = 2.44/Λ 2 . Finally, in Eq. (5) we have
, with k being the Landau Levels.
Results
The restoration of chiral symmetry takes place at finite temperature and/or chemical potential. The phase diagram is shown in Fig. 1 , where we have plotted the first order phase transition lines and the pseudo-temperature crossover lines for different values of the magnetic field. We observe that the critical point is shifted depending on the value of B and that the crossover pseudo-temperature at µ = 0 always increases with B. Recently, lattice QCD results suggest that this may not be the case, leaving open the question of whether the magnetic field increases or not the crossover pseudotemperature. All the relevant thermodynamical quantities can be readily obtained by recalling that the free energy, evaluated at the mass value which satisfies the gap equation, gives the negative of the pressure, F (M) = −P . Then, the net quark number density is obtained from ρ = dP/dµ, and the entropy density from s = dP/dT while the energy density is ε = −P + T s + µρ.
An interesting feature arises when we look at the coexistence diagram in the T −ρ B plane, Fig. 2 (left panel) . For low temperature we see that the higher value of ρ B for B = 0 oscillates around the B = 0 line. This is due to the filling of the Landau levels, since that in the limit T → 0, ρ B behaves like
where k F = µ 2 − 2|q f |kB − M 2 , θ is the Heaviside function and
or the nearest integer. The right panel of Fig. 2 shows the oscillatory behavior of ρ B (left axis) as well as the opposite oscillatory behavior of the constituent quark mass at the symmetry restored phase (right axis) as a function of the magnetic field. The origin of the oscillations in these quantities can be traced back to the fact that k max (the upper Landau level filled) decreases as the magnetic field increases. 
Conclusion
We studied the effects of a strong magnetic field in the chiral transition using the two flavor Nambu-Jona-Lasinio model. We found that the critical end point of the first order transition is shifted towards higher T and lower µ as B increases. We also found that the crossover pseudo-temperature at µ = 0 always increases with B. This is in contrast with recent QCD lattice calculations, that suggest that the crossover pseudo-temperature may actually decrease with B. At the coexistence diagram in the T − ρ B plane we found that for low T the coexistence lines in the higher density branch for B = 0 oscillates around the B = 0 curve. We explained this feature in terms of the filling in the Landau levels at different B.
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